Background Shoulder pain is a common problem that can impact on work. Leisure time physical activity (LTPA) has the potential to reduce the impact of shoulder pain through its physiological, psychological and social benefits.
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Background Shoulder pain is a common problem that can impact on work. Leisure time physical activity (LTPA) has the potential to reduce the impact of shoulder pain through its physiological, psychological and social benefits.
Aims
To determine whether LTPA reduces the prevalence of shoulder pain in a working population.
Methods
Participants were selected from a longitudinal population-based cohort study, the North West Adelaide Health Study. Information was gathered by questionnaire on LTPA, smoking, depression and socio-economic factors. Body mass index was measured in a clinic setting. Occupational physical activity (OPA) estimated by job title and shoulder pain was measured using the Shoulder Pain and Disability Index. Workers with and without shoulder pain were compared using logistic regression analysis.
Results
Of the 1502 working participants, 16% reported having current shoulder pain. Shoulder pain was associated with older age (OR 1.98, 95% CI: 1.31-2.99) (age >50 years), smoking (OR 1.44, CI: 1.02-2.04), secondary-level educational attainment (OR 1.68, 95% CI: 1.07-2.65), high body mass index (BMI) (OR 1.54, 95% CI: 1.14-2.08) and depression (OR 2.42, 95% CI: 1.60-3.64). There was no effect of LTPA on shoulder pain.
Introduction
Shoulder pain is common, with a prevalence of 6.9-26% in the general population [1] . It can be experienced with, or in the absence of, physiological change or tissue damage [2] and is associated with impaired physical function, which can impact on activities of daily living. In the work environment, shoulder pain can lead to reduced productivity through increased sickness absence and worker's compensation claims. South Australian Workers' Compensation data are consistent with most other jurisdictions in showing that shoulder injuries are common and attract a high cost of compensation compared to other musculoskeletal injuries [3] . Reducing this burden in a working population may have beneficial occupational, population health and economic impacts.
The literature supports a multifactorial cause for workrelated shoulder pain [2, 4] . It is thought that individual, physical and psycho-organizational factors interact through several pathways that can lead to shoulder pain [2] . One potential preventive measure that has been explored by previous studies is leisure time physical activity (LTPA) [5] [6] [7] . The evidence for the benefits of exercise suggests that it may have impact via several mechanisms. For example, exercise has been shown to increase muscle mass, strength, endurance, bone mineral density, joint stability and flexibility and improve other musculoskeletal functions such as coordination, balance and speed of movement as well as increasing blood supply to musculoskeletal structures [8] . Evidence also suggests that LTPA is associated with improved psychological health through changes in neurotransmitters as well as positive impacts on well-being [9] . Being active in leisure time could have a positive impact on shoulder pain by improving the physiological response to biomechanical loading, mechanical strain and fatigue and also through an improved ability to manage organizational factors such as job stress.
There have been a number of studies that have examined the impact of leisure time physical activity on musculoskeletal symptoms; however, the majority of these have focussed on joints other than the shoulder or have measured the effects on multiple joints concurrently [5, 6] . A review of the association between LTPA and a range of musculoskeletal symptoms in working populations found some evidence of favourable effects from physical activity on symptoms in some studies and adverse effects in others [6] . A second recent review found a positive effect in five of seven studies [10] . Studies that assessed the impact on shoulder pain separately have found some positive association but with no general beneficial effect seen across different exercise regimes and different activities [7] . There are little data available on working populations and no data specific to the Australian population.
The aim of this study was to investigate the potential benefits of LTPA at different levels of occupational physical activity (OPA) on shoulder pain in an Australian working population
Methods
The North West Adelaide Health Study (NWAHS) is a longitudinal population-based cohort study of people aged $18 years living in the northwest region of Adelaide, South Australia [11] . Participants were recruited at random from the electronic white pages and were interviewed by trained staff using computer-assisted telephone interview [11] . Household members aged $18 years and who were last to have a birthday were selected to participate in the study. Exclusion criteria included people who were unable to speak English and those with an intellectual disability or physical immobility. The initial cohort totalled 4060 individuals.
The recruitment phase (Stage 1) of the NWAHS was from 2000 to 2003. Selected participants were interviewed and then invited to participate in a self-administered questionnaire and clinical assessment. Stage 2 of the study was conducted between 2004 and 2006, using the same methods as in Stage 1. In Stage 2, information was collected on shoulder pain and depression. There was a follow-up rate of 88% for the telephone questionnaire, 81% the selfreport questionnaire and 81% of participants attended the second clinic assessment.
All participants who were in full-or part-time work at the time of interview in both Stages 1 and 2 were included in the current study. Retired workers, unemployed people and people engaged in domestic duties were excluded.
As part of the survey, information on self-reported LTPA was collected using questions from the Australian Bureau of Statistics (ABS) National Health Survey [12] . Information was collected on LTPA for recreation and fitness purposes during the 2 weeks prior to the interview. Respondents were asked whether they (i) did any walking, (ii) moderate exercise apart from walking which resulted in a moderate increase in heart rate or breathing (iii) and vigorous exercise that caused perspiration or resulted in a large increase in heart rate or heavy breathing. Each level of exercise was given an intensity value (i) calculated as a multiple of the resting metabolic rate (MET). This is a unit used to estimate the metabolic cost of physical activity where one MET is defined as the average adult energy expenditure when sedentary [12] . Values of 3.5 for walking, 5.7 for moderate exercise and 9.0 for heavy vigorous exercise were derived from the Compendium of Physical Activities [13] . Respondents were also asked the number of times (n) and the time spent (in minutes, t) performing these activities per session. A numerical exercise level was derived for each respondent using the formula, n 3 t 3 i. Scores were classified as sedentary (,100), low (between 100 and ,1600), moderate (scores from 1600 to 3200 or .3200 and ,2 h vigorous exercise) and high (.3200 and .2 h vigorous exercise), as determined by the ABS and dichotomized into sedentary and some activity (light/medium/heavy). Information regarding type of activity was not collected.
OPA was estimated using information on main lifetime occupation gathered in Stage 1. Job titles were then rated by physical activity level and classified into sedentary, light, medium and heavy using an expert-rated coding system that has been shown to have good agreement with self-report measurement [14] . Occupational titles not listed in the coding system were classified using the same methods by two occupational physicians independently. Any differences in opinion on activity level were subsequently discussed and agreement reached by consensus. OPA categories were then dichotomized into sedentary/ light and medium/heavy categories.
All participants were asked if they had ever had shoulder pain, aching or stiffness on most days lasting at least a month. If they answered positively to this, they were asked to complete the Shoulder Pain and Disability Index (SPADI) questionnaire. The SPADI is a questionnaire that has been shown to be valid and reliable when used in general populations [15] . It asks five questions concerning pain and eight regarding function with respondents recording scores on a Likert scale. If the participants' answers indicated they had pain in the last week on the SPADI questionnaire, they were classified as having current shoulder pain.
Individual characteristics included in the analysis were age, gender, current smoking status, income and educational attainment. Body mass index (BMI) was calculated from measured height and weight at the clinic assessment and categorized into obese or not according to a BMI above or below 30 kg/m 2 [16] . Symptoms of depression were measured using the Centre for Epidemiological Studies Depression Scale [17] . A person with a score of $16 on this scale was classified as having depressive symptoms.
Analysis was undertaken using SPSS version 15 [18] . Frequencies were used to determine the prevalence of current shoulder pain and proportion of those within each occupational category with shoulder pain. Logistic regression analysis was used to determine crude odds ratios (OR) for associations between current shoulder pain, demographic characteristics and other confounding factors. OR for these associations (adjusted for age and sex) were also determined. A significance level of P ,0.05 was used for all tests. Multivariate logistic regression using a backwards stepwise procedure was also undertaken, with current shoulder pain as the dependent variable. All variables with OR significant at P ,0.25 [19] were included in the initial model and those that were not significant removed until all remaining covariates were significant at P ,0.05. 
Results
Of the 1511 participants who worked full or part time at Stages 1 and 2, 1502 participants provided information as to whether or not they had current shoulder pain. The demographic characteristics of all these respondents are presented in Table 1 .
Overall, 229 (15%) reported having current shoulder pain. The frequency of shoulder pain by leisure time physical activity level at Stage 2 was similar across the different classes, with a prevalence of 17% (66) in people classified in the sedentary category, 16% (78) in the low category, 12% (43) in the moderate category and 17% (22) in the high category. Current shoulder pain was reported in 14% (114) of people classified as having sedentary/light employment and 17% (109) in medium/ heavy employment. Table 1 shows the relationship between shoulder pain and other variables. Factors that were associated with having current shoulder pain were age between $50 years, BMI $30 kg/m 2 , a secondary or trade/apprenticeship level of education, being a current smoker and high CESD score. When adjusted for age and sex, the significant associations remained and a medium/heavy workload was also associated with current shoulder pain. There was no significant association between current shoulder pain and LTPA for either the unadjusted or the age-and sex-adjusted models.
The multivariate analysis presented in the far right column of Table 1 demonstrates that those with current shoulder pain were significantly more likely to be aged $50 years, have a BMI $30 kg/m 2 , be a current smoker, have a secondary level of education and have depressive symptoms as assessed by the CESD. No effect was seen across the other variables including work activity level and leisure time physical activity. Table 2 shows the relationship between shoulder pain and occupational category adjusted for age, sex, BMI and smoking. No significant association was seen with LTPA across the different work levels. There was a reversal in the direction of association (non-significant) towards decreased risk of shoulder pain in those workers engaged in medium/heavy physical work who performed some leisure time physical activity, relative to sedentary in the ageand sex-adjusted models.
Discussion
In this community-based cohort study, we found no association between leisure time physical activity and shoulder pain. On the age-and sex-adjusted analysis, medium and heavy OPA had a higher risk of shoulder pain. There was, however, a non-significant trend towards a protective effect of any exercise relative to sedentary for shoulder pain in medium/heavy OPA workers, given the change in the direction of association from an increased risk of shoulder pain in medium/heavy OPA workers to protective for medium/heavy OPA workers who participated in some exercise relative to sedentary. There was also a clear association between shoulder pain and older age, obesity, current smoking, lower educational attainment and depression. This study extends the evidence by examining the effect of LTPA and other individual factors on shoulder pain, in a working cohort representative of the general community, and using valid measurement tools.
Based on these results, it may be that leisure time physical activity on its own plays a less significant role in the prevalence of shoulder pain in working populations. Other factors may influence the development of a response to pain, for example poor job control and workplace support. This supports the growing evidence for the multifactorial nature of shoulder pain [2] . It may also be that participation in physical activity as measured in this study indicates general effects that may have a lesser impact on local shoulder joint physiology. The limited literature examining this question has, however, not found any particular association between shoulder specific exercise and shoulder pain [7] .
The results of this study are consistent with evidence from the majority of studies on LTPA and musculoskeletal pain that have found no association [6, 20, 21] . The study by Miranda et al. [7] Although the effect of LTPA and physical activity at work on musculoskeletal pain has been reported, few studies have examined the specific question regarding n 5 130 did not provide information on physical activity, n 5 2 did not provide depression score, n 5 25 did not provide height and/or weight and n 5 60 did not provide enough information to classify work level.
c Not stated category not reported.
*P , 0.05, **P , 0.01, ***P , 0.001; NS, not significant.
shoulder pain. Furthermore, there is little work examining this relationship in a community setting [5] [6] [7] . There are a number of strengths to this study. It is based on a cohort representative of the general population. This study showed an association between well-known study factors such as age, smoking, obesity and income, which increases the validity of the study selection. The LTPA variable was measured with a tool, which quantifies total energy expenditure. Validated tools for measuring shoulder pain and depression were included [15, 17] . The measurement of depression investigates psychological effects taking into account the person's whole environment and not only workplace factors [22] . The study findings that age [7] , smoking [23, 24] , depression [25] , educational attainment [26] and obesity [7, 27] are associated with shoulder pain are consistent with previous studies. It is thought that smoking can influence musculoskeletal pain by affecting nutrition (through vasoconstriction and hypoxia) and also through defective fibrinolysis. Nicotine, a central nervous system stimulant, may further affect the processing of sensory stimuli and the perception of pain [24] . A strong association exists in the literature between pain and depression [28] . Both commonly coexist and it is thought that they share the same central nervous system pathways and neurotransmitters [28] . These factors could both cause and partly be the consequence of shoulder pain and so the cross sectional nature of this study limits the ability to draw conclusions as to the direction of the association. The association between education and shoulder pain most likely reflects the heavier physical nature and lower job autonomy of jobs undertaken by workers with lower educational attainment [26] . Obesity-related metabolic changes are postulated as factors associated with degenerative changes in joint structures [27] . The lack of beneficial effects of LTPA in this study is interesting given that LTPA has been shown to reduce the risk of a high BMI [29] and depression [25] . It may be that obesity and depression lie on a different causal pathway than the proposed pathway between LTPA and shoulder pain.
It is possible that the finding of a null effect of LTPA on shoulder pain can be at least in part explained by the limitations of the study. Occupational activity was classified into two levels of physical activity using job titles. Classification of exposure by job title is a commonly used technique in general population studies [14] . However, direct measures of OPA such as by self-report may better account for individual variability in physical activity within an occupational category. The study was also unable to estimate actual hours worked, which is a potential source of misclassification of OPA.
Another source of potential misclassification is the selfreported measure for LTPA. Self-reported measurement of physical activity may lead to misclassification of activity level, in particular overestimation at higher levels compared to direct measures [30] . Although our study focused on overall energy expenditure, the impact of specific sports that require loading of the shoulder joint were not examined [7] .
There were also potential limitations in the selection of the study population. As with many occupational studies, the healthy worker effect could have biased the study sample due to workers having left their work or changed to a less physical occupation due to shoulder pain [18] . The same could be said for workers who may have ceased or reduced the level of LTPA as a result of shoulder pain.
This study found no protective effect of physical activity for shoulder pain in a cohort of working people. The study did show positive associations between smoking, obesity, depression, education and shoulder pain supporting the hypothesis that shoulder pain is multifactorial in origin. Based on these findings, further consideration is required at the clinical level to consider these risk factors as better targets for preventive measures rather than simply focusing on physical activity. LTPA should, however, continue to be encouraged for its known health benefits to the general working population, given the positive direction of association between LTPA and shoulder pain for those with working in physically heavy jobs. 
Key points
• This cross-sectional study of a working population found no effect of physical activity on shoulder pain.
• The study did find a positive association between smoking, obesity, depression and education and shoulder pain.
• The results suggest that these risk factors would be better targets for preventative efforts against shoulder pain at work.
